Epidemiological studies regarding Alzheimer's disease (AD) in smokers currently suggest inconsistent results. The clinicopathological findings also vary as to how AD pathology is affected by smoking behavior. Even though clinicopathological, functional, and epidemiological studies in humans do not present a consistent picture, much of the in vitro data implies that nicotine has neuroprotective effects when used in neurodegenerative disorder models. Current studies of the effects of nicotine and nicotinic agonists on cognitive function in both the non-demented and those with AD are not convincing. More data is needed to determine whether repetitive activation of nAChR with intermittent or acute exposure to nicotine, acute activation of nAChR, or long-lasting inactivation of nAChR secondary to chronic nicotine exposure will have a therapeutic effect and/or explain the beneficial effects of those types of drugs. Other studies show multifaceted connections between nicotine, nicotinic agonists, smoking, and nAChRs implicated in AD etiology. Although many controversies still exist, ongoing studies are revealing how nicotinic receptor changes and functions may be significant to the neurochemical, pathological, and clinical changes that appear in AD.
ABSTRACT
Epidemiological studies regarding Alzheimer's disease (AD) in smokers currently suggest inconsistent results. The clinicopathological findings also vary as to how AD pathology is affected by smoking behavior. Even though clinicopathological, functional, and epidemiological studies in humans do not present a consistent picture, much of the in vitro data implies that nicotine has neuroprotective effects when used in neurodegenerative disorder models. Current studies of the effects of nicotine and nicotinic agonists on cognitive function in both the non-demented and those with AD are not convincing. More data is needed to determine whether repetitive activation of nAChR with intermittent or acute exposure to nicotine, acute activation of nAChR, or long-lasting inactivation of nAChR secondary to chronic nicotine exposure will have a therapeutic effect and/or explain the beneficial effects of those types of drugs. Other studies show multifaceted connections between nicotine, nicotinic agonists, smoking, and nAChRs implicated in AD etiology. Although many controversies still exist, ongoing studies are revealing how nicotinic receptor changes and functions may be significant to the neurochemical, pathological, and clinical changes that appear in AD.
INTRODUCTION
Cholinergic dysfunction is one of the key features in Alzheimer's disease (AD). AD is exemplified by loss of acetylcholine production, decreased enzymatic activities of choline acetyltransferase (ChAT) and acetylcholinesterase (AChE), cholinergic receptor loss, and degeneration of cholinergic neurons. Initially, many believed that only the muscarinic type cholinergic receptor was primarily lost in AD. Further studies have shown that muscarinic receptors are relatively preserved, especially for the high-affinity M1 subtype. In contrast, although additional research is necessary to address the lingering questions regarding these measures and how they might be changed by long-term nicotine exposure (90) , numerous studies have demonstrated the loss of radioligand binding sites and nAChR proteins (141) .
It is likely that the changes, loss, and/or dysfunction of the nAChRs are involved in the etiology and/or symptomatology of AD. As such, it is crucial to find ascertain whether and how drugs and/or agents that act at the nAChR alter the symptoms and/or progression of AD. Smoking is currently the most common method for exogenous nicotine delivery, so there is a great deal of
The most commonly seen subtype in the human brain is an alpha4beta2-nAChR subtype. It has a high affinity for nicotine, the (alpha4) 2 (beta2) 3 stoichiometry, and both pre-and post-synaptic dispositions (83) , (71). In comparison, the alpha7-nAChR has a lower affinity for nicotine and is naturally expressed as a homomer, but it too is commonly expressed in the human brain pre-and postsynaptically (3), (4), (71). NAChR containing other subunits have been shown to exist, localized in important brain regions, but they are less abundant and less well studied and understood.
A study by Counts et al. showed that upregulation of alpha7-nAChR expression contributes to cellular degeneration. The up-regulation may signal a compensatory response to preserve basocortical cholinergic activity as AD progresses. Although the increase in alpha7-nAChR may be a compensatory neuroprotective action, when alpha7-nAChRs interact with beta-amyloid precursor protein and beta-amyloid peptides, it causes the formation of senile plaques in AD. This may provide a pathogenic mechanism for cholinergic dysfunction. The increase of alpha7-nAChR expression may also serve as an indicator for the worsening of AD (18) . The loss of nAChRs during AD upsets the normal mechanism that contributes to proper neurotransmitter release, synaptic plasticity, and circuit activity (23).
Chronic nicotine exposure induces changes in nAChR
Many studies have shown that up-regulation of CNS nAChR can be induced through chronic nicotine exposure in human smokers and animals in vivo, but there may be some strain-specific and regional exceptions (9), (145) , (17) , (69), (70) . Chronic nicotine exposure in vitro also causes up-regulation of naturally or heterologously expressed alpha4beta2-nAChR sites (92), (8). Long-term nicotine exposure can also cause the native muscle-type alphal-nAChR, autonomic alpha3beta4-nAChR, or naturally or heterologously expressed alpha7-nAChR to increase (122), (69), (50), (91) . It is believed that these changes post-transcriptional since the up-regulation happens in spite of the subunit genes being under artificial (heterlogous expression vector) or natural promoter control and because the differences in amounts of messenger RNA coding for nAChR subunits are absent or very miniscule (141) . It is reasonable to hypothesize that there may be a decreased occurrence of neurodegenerative disorders in smokers since the up-regulatory effects of nicotine exposure on nAChRs are the opposite of the effects on nAChR seen in AD. To examine this query, mice aged from 24-28 months, were given nicotine orally for six weeks. This exposure to nicotine did not prevent or reverse age-related nAChR declines. However, the nAChR levels were maintained at a higher level in mice exposed to nicotine for a longer time period (11 months) and at a younger age (aged 14 months) when compared to the control mice (107) .
In regards to functional effects, both acetylcholine (Ach) and acute nicotine exposure activates the nAChR function. There are quite a few fail-safe mechanisms to make certain that nAChRs are not continuously exposed to ACh and to ensure that nAChRs are periodically rather than consistently activated by pulses of ACh release. Nevertheless, regular use of tobacco products creates chronic exposure to nicotine. Research from several laboratories demonstrates that chronic nicotine exposure creates a loss of nicotine-sensitive nAChR functional activity in the brain that can last for days in vivo (117) , (118) , (59) , (60) , (44), (42), (75) , (76) , (38) .
Through a process call "persistent inactivation," the functions of nAChRs are lost due to chronic nicotine exposure in a time-and dose-dependent manner that is specific for each subtype. This process is different from nAChR "desensitization" which is more readily reversible (17) , (50), (103).
Nicotine is neuroprotective in vitro
The neuroprotective effects of nicotine have been established in vitro. Nicotine can prevent the switch from an alpha-helix to beta-sheet conformation which can inhibit beta-amyloid aggregation (113) , (53). Although nicotine and nicotinic agonists are not protective against AMPAinduced excitotoxicity, they have demonstrated protective effects against NMDA-induced excitotoxicity (93) , (74) , (29) .
In cultured hippocampal neurons, nicotine is neuroprotective against the dexamethasone potentiation of kainic acid-induced neurotoxicity (116) . However, nicotine does not appear to have a protective effect against the toxicity from nitric oxide (NO) formation in cell culture (121), (120), (52). Ca 2+ entry into the neuron caused by NMDA-receptor activation stimulates NO synthase (NOS), which then exerts free-radical damage. Nicotine can inhibit the NMDA-induced cytotoxicity mediated through NOS activation by working at either the NMDA receptors or the effectors leading to NOS stimulation. Thus, the nicotine would cause a protective effect. Nicotine also enhances alpha-secretase activity, resulting in increased soluble APP release in vitro (57) , (33).
Nicotine may be neuroprotective against betaamyloid toxicity as well (55). Neuronal loss induced by beta-amyloid can be blocked by nicotine (146). The reduction of neurotoxicity from nicotine blocking betaamyloid is receptor specific. It is suggested that the alpha7 and the alpha4beta2 nicotinic receptors are responsible for this attenuation (57) , (56), (139) . The phospholipase A2 activation induced by beta-amyloid is also inhibited by nicotine (123). Moreover, Linert et al. show that nicotine seems to have antioxidant effects in vitro (64) . Nicotine also inhibits cell cycle progression and apoptosis in such a way that favors it neuroprotective effects. Chronic nicotine treatment activates the alpha7-nAChRs through the MAPK, NF-kappaB, and c-myc pathways and also prevents buildup and deposition of beta-amyloid in the hippocampus (67) . Shimohama showed that nAChR stimulation protects neurons from glutamate-induced cytotoxicity. The stimulation activates PI3K, which in turn phosphorylates Akt and that causes an up-regulation of Bcl-2 and Bcl-x. This helps increase cell survival (120), (13) . Multiple studies have shown that nAChR stimulation protected neurons from beta-amyloid-induced, rotenone-induced and 6-OHDA-induced toxicity (120), (13) , (20), (2), (41). Thus, nicotine appears to have potent neuroprotective effects in vitro (60) .
NICOTINIC RECEPTOR CHANGES AND INTERACTIONS BETWEEN NICOTINIC RECEPTORS AND SUSPECTED ETIOLOGICAL FACTORS IN AD
Structurally, the losses of synapses seen in many regions are related to the severity of dementia (26) , (128) . Neurochemically, the considerable loss of ChAT is widely known (22) . Many losses are seen in the glutaminergic, cholinergic, serotonergic, and noradrenergic systems too (47).
Changes in the cholinergic systems have been studied extensively. At first, it was believed that high affinity M1 muscarinic receptors were lost in AD (22) , (82) , (87) , but subsequent studies do not confirm this. It has been shown that the M2 receptor is changed and we have shown that the M4 is changed in AD (51), (96) , (86), (84) , (6).
AD causes a considerable loss of high affinity nAChRs, likely to be of the alpha4beta2 subtype (36), (125), (96) , (106), (114), (115), (86), (6), (37), (95), (140), (109) . This loss likely happens in the early phases of AD (85) . Furthermore, loss also appears to be regionally specific (court), and the alpha4 subunit appears to be specifically lost in AD (19) , (93) . There are a number of causes that may cause receptor loss, which range from the death of neurons with receptors to the loss of synapses bearing receptors, or it may simply be down-regulation of receptors from surviving neurons. It may likely be a combination of these effects. The subunit mRNAs show no differences at the transcription level. The alpha4 subunit also suggests a decreased amount of protein (141) . On the contrary, the alpha7-nAChR seems to be safe (21), (125), (77), (102), but some studies have described a loss of alpha7-nAChRs in AD (7).
The relationship between nAChR and AD has other features that have been investigated as well (85) . Having the apolipoprotein E genotype does not affect the loss of nAChR (126), (101). The tangle and plaque counts in the subicular and entorhinal areas match the NAChR loss seen in AD (95), but such is not the case in the frontal cortex (110) . It has been shown that nAChR loss tends to correlate less with senile plaques and more with the amount of beta-amyloid42 (93) . NAChR loss may be linked with dementia severity (93) , but it is not linked with cognitive decline in AD or Dementia with Lewy Bodies (DLB) (110) . We have also found that the decrease of nAChR binding does correlate with the decrease of synapses. However, the loss of ChAT activity does not correlate with the loss of synapses in AD (109) . On the other hand, the loss of ChAT activity does correlate significantly with loss of nAChR in DLB patients (102) . Perry et al. demonstrated that hippocampal ChAT and nAChR losses are worse in smokers with AD versus non-smokers with AD (94) .
In experimental models by Itoh et al., a loss of nAChR was created when rats were infused with amyloid (46). There are many studies that have shown the interactions between the different nAChR subtypes and beta-amyloid, and a few of these interactions had effects on the function of nAChR (138), (27), (66), (98) . Sparks et al. performed an immunohistochemical study that helped to localize a nAChR subunit-like immunoreactive material which has been seen in fibers and neurons in control groups and in tangles and plaques in AD groups (124). A direct correlation was not found between nAChR loss and tangles and plaques in the amyloid precursor protein (APP) 670/671 double Swedish mutation (85) .
Recent studies have shown that soluble betaamyloid oligomers are probably the most important neurotoxic species in AD. Reversing the synaptic failure created by beta-amyloid is crucial to stopping the progress of AD as beta-amyloid itself alters the nAChR function. Nicotinic agonists rapidly induce receptor desensitization (which decreases efficacy), but compounds that block betaamyloid binding would not be hindered by this limitation (49). The selective, high-affinity effects of oligomeric beta-amyloid 1-42 on alpha7beta2-nAChRs may contribute to the interference of cholinergic signaling and decreased memory and learning capabilities. As such, drugs targeting alpha7beta2-nAChRs to restore functionality or protect them against beta-amyloid effects may be an avenue for future treatment (65) .
In animal studies, it was demonstrated that disrupting the alpha7-nAChR function could be useful in the treatment of AD. A transgenic mouse model of AD overexpressing a mutated form of APP and a model lacking the alpha7-nAChR gene (APPalpha7KO) were used. It was shown that despite the high levels of APP and amyloid deposits, the deletion of that subunit in a transgenic mouse with AD created a protection from the dysfunction in synapses and memory and learning performance. The mice that overexpress the APP had similar levels of beta-amyloid and APP compared to the APPalpha7KO mice, but they were unable to solve cognitive challenges like the Morris water maze (31). Another animal study showed that the absence of alpha7-nAChR during the early stages of cognitive impairment induced by increased beta-amyloid and APP metabolites increases the susceptibility of the hippocampus to neuronal loss and volume (41).
Ikonomovic et al. demonstrated that there are no detectable changes in the cortical alpha7-nAChR binding levels that could be associated with the cognitive decline in mild-moderate AD.
On the contrary, beta-amyloid concentration was increased in AD and correlated with increasing cognitive impairment (45). These studies suggest possible links between beta-amyloid and nAChR in AD.
A PET study quantified the nAChR distribution in vivo with 2-(18F)fluoro-A-85380 (2-FA) in 15 incipient AD patients compared to 14 age-matched, healthy controls in order to determine if nAChR is lost in those with significant cognitive deficit. This study found no evidence of in vivo loss of nAChR in early AD; however; it was noted that the 2-FA may not be sensitive enough to pick up such a change (34). Another PET study using 123 I-5IA-85380 SPECT showed the in vivo loss of alpha4beta2 (88) . A different study using 123 I-5IA-85380 SPECT is consistent with the result that the decrease in nAChR and other cholinergic activities in AD are late-stage occurrences, and that nAChR is preserved in the earlier stages (79).
SMOKING, AD, AND COGNITION

Epidemiological studies of cigarette smoking effects on AD are mixed
There are some epidemiological studies that have found that smokers have a lower risk for AD after controlling for coronary artery disease, emphysema, and cancer. Brenner et al. (12) demonstrated an odds-ratio (OR) of 0.61 for developing AD in smokers vs. nonsmokers. A relative risk (RR) of 0.64 was derived from a meta-analysis in smokers vs. nonsmokers (32). In another study, smoking was found to possible delay age of onset by 4.2 years on average in familial AD (135) . There were concerns of a possible sample bias due to higher mortality in smokers that have the apolipoprotein epsilon4 (Apo E4) allele, which is a marker for increased AD susceptibility, but follow-up studies have shown that this in not the case (134) . A Canadian study reported that smoking did not affect the RR getting (132). Tyas et al. also looked at three other Canadian data sets and saw that smoking is protective when alcohol is introduced as a variable (131) . Aggarwal et al. reported that former smokers had a reduced risk of developing AD. The odds of getting AD increased by half for every 10 years of smoking cessation (OR = 1.3, CI = 0.9-1.7). Current smoking, however, was associated with an increased risk of AD (OR = 3.4 95% CI 0.5-1.7) when compared to those who had never smoked. Additionally, former smokers who carried the Apo E4 allele were less likely to develop AD than nonsmokers (1). Another study demonstrated that the speculation that smoking-related deaths create a bias was not justified due to the fact that smokers had a reduced risk of AD in all scenarios which include no relation between smoking and AD, decreased risk in smokers, and increased risk in smokers. For each scenario, two incidence density ratios were calculated: one included phantoms that developed AD (ignoring the smoking-related deaths), and the other did not (mimicking real life), and all of these demonstrated a reduced risk in smokers (24) .
Many other studies do not show a lower incidence of AD in smokers. The Canadian Health Study of Aging demonstrated that smokers did not have a reduced incidence of AD (25) and that smokers actually had a higher risk in heavy smokers (> 37 pack-years, OR = 2.8). The United Kingdom Medical Research Council (MRC) performed a survey which concluded that the OR for developing AD in mild smokers (<10 cigarettes/day) was 1.4, and in moderate to heavy smokers (>10 cigarettes/day) was 2.6 (100). A study by Doll et al found that smoking had no protective effects (28). Another study found that the risk of dementia is doubled in smokers when compared to nonsmokers. More specifically, the risk of developing AD was even higher (89) . This occurrence may be affected by Apo E4 status such that smokers lacking the Apo E4 allele had RR of 4.6 and those with the allele had a RR of 0.6 for developing AD (89) . A study by Merchant et al. also demonstrated that smoking increases the risk of developing AD (78). This may occur because of the nonsmokers outliving the smokers which could lead to higher rates of those who are Apo E4 negative compared to those who have the allele (105) .
A meta-analysis performed by Launer et al. reported that "current smoking" status increased the incidence of AD (RR= 1.74) (61). Thus, many studies find that smoking is not protective against developing AD in the elderly. Several of the earlier studies that suggested smoking had a protective effect may have been driven by sample bias (58) since more current studies demonstrate either no or even an increased risk of AD development. Wang and colleagues support this view with a study that showed a lower prevalence but not a lower incidence of AD in smokers. Further, AD smokers had an increased 5-year mortality rate. They found that smoking does not protect against AD (136). Cataldo et al. found a significant increase in AD risk (RR 1.72) associated with tobacco smoking when controlling for tobacco industry affiliation (16) .
Luchsinger and colleagues found that current smoking, diabetes, hypertension, and heart disease are all associated with an increased risk of AD (p<0.1) when analyzed separately. Smoking and diabetes were the strongest risk factors when isolated (68). Cataldo and Glantz reported that smoking cessation should become a crucial part in the prevention and treatment of AD given that it is such a significant risk factor for AD. That the risk of cardiovascular disease (CVD) would also significantly decrease is also beneficial given that CVD itself is a risk factor for AD (15) . Another review had a meta-analysis of 50 studies that concluded that current smoking has an increased risk of developing AD (SR 1.79 95% CI 1.43-2.23). However, the risk in exsmokers is nearly identical to those who had never smoked (SR 0.99 95% CI 0.81-1.23) (97) . A population-based prospective cohort study 6,868 individuals over 7.1 years demonstrated that current smoking increased the risk of AD (HR 1.56 95% CI 1.21-2.02). This effect is more dramatic in individuals without the Apo E4 allele than those who carry the allele (104) . A cross-sectional study in which 685 AD patients were assessed for the Apo E4 genotype, smoking, and drinking demonstrated that Apo E4, heavy drinking, and heavy smoking (> or = 1 pack per day) lower the age of onset for AD in additive manner (39).
The effects of smoking in other neurodegenerative diseases are far clearer and show a reduced risk. For example, Morens et al (80) , (81) concluded that cigarette smokers have 50% reduced risk of develop Parkinson's disease (PD) compared to a nonsmoker. This may be because nicotine exposure upregulates dopaminergic neurotransmission or because tobacco smoke may inhibit monoamine oxidase activity. A prospective community-based study by Tsuang et al. suggested that there is a significantly decreased risk of Lewy-related pathology in multiple brain areas but not in AD-type pathologic changes in heavy (>50 pack years) smokers (130) . However, more work is needed to evaluate reasons why data on smoking behavior and AD risk does not corroborate the protection that smoking appears to have against PD.
Clinical-pathological studies of cigarette smoking effects on AD are mixed
Some of the neuropathological changes seen in AD may be caused by nicotine exposure according to some clinical-pathological studies. For instance, Ulrich et al (133) showed that smoking has varied effects on the phenotypic expression of AD. This can be seen with lower senile plaques (SPs) in only female smokers with AD, but on the whole a rise is seen in the amount of neurofibrillary tangles (NFTs) and a higher Braak stage in all smokers with AD. However, this study did not distinguish between former and current smokers, and it did not quantify the amount of tobacco consumed.
We performed a clinical-pathological analysis to compare the phenotype of AD in current, former, and nonsmokers who were matched for age and education at death. There were no differences seen between current, former, and nonsmokers concerning the ChAT activity, disease duration, severity of dementia at death, or counts of synapses, neuritic plaques or total plaques when not stratifying by Apo E4. The data suggests that the clinical course of AD is not affected by tobacco use. Nonsmokers were phenotypically indistinguishable from current smokers. The exogenous exposure of nicotine from smoking may influence the degree of neurofibrillary change in AD, but only in the presence of apo-E4 (111).
A study by Almeida et al. measures the gray matter density through voxel-based morphometry using statistical parametric mapping of T1-weighted magnetic resonance images (MRI). It shows that smokers have decreased gray matter density in the precuneus and posterior cingulate bilaterally, right thalamus and frontal cortex bilaterally when compared to people who have never smoked. They concluded that smoking is associated with decreased gray matter density in areas of the brain that are associated with early AD (5).
Thus
, newer clinicopathological studies demonstrate some effects of smoking on hallmarks of AD pathology. There are no published data on tobacco products like snuff and/or chewing tobacco and AD.
Effects of smoking or nicotine administration reveal modest clinical benefit in cognition
Although cigarette smoking has not proven to protect against developing AD, it has been associated with a lower risk of attention and visuospatial decline in those without AD (62) . In contrast, smoking has been shown decrease cognitive function in elderly men without dementia; however, this risk is lowered in those who have the Apo E4 allele (14) . An increase in nAChR activity on hippocampus, thalamus, and cortex has been seen in smokers (11), (90), (9). These studies imply that smoking has a biological and clinical effect.
Prospective studies on nicotine and nicotine agonists as therapy for AD support the potential cognitive benefits that nicotine possesses. Many small trials have been conducted which demonstrate that subcutaneous and intravenous administration of nicotine has mild benefits in cognition in AD subjects, especially in areas of short-term memory, attention, and information processing (82), (90), (112), (48). Nicotine patches have also been found to have positive effects on attention in AD (107), (42), (105) (47). Large trials of ABT-418, a nicotinic agonist have been undertaken (143) . A trial of ABT-418 demonstrated improvement on memory, recall, and spatial learning, (Potter) although it has now been discontinued. Another nAChR agonist (ABT 089) has been investigated.
Several full and partial nicotinic receptor agonists are in development for treatment of AD. These include S24795, JN403, SEN12333/WAY-317538, ABT-107, TC-1734, A-867744, EVP-6124, and SEN34625/WYE-103914 (137) , (35), (40), (108), (72), (10), (30), (73)
, (43).
A review by Swan and Lessov-Schlaggar suggested that smoking is clearly associated with accelerated cognitive decline such as in the areas of executive functions, verbal memory, and speed of processing and an increased risk for dementia (both AD and vascular dementia). Work at the cellular level suggests that tobacco smoke induces an inflammatory response, which may directly or indirectly promote neuropathology associated with AD.
Administration of nicotine is, however, shown to improve vigilance, working memory, selective attention, and verbal memory (127) .
The administration of chronic and acute nicotine only affects certain kinds of memory. One such example in animal studies is that nicotine improved working memory, but it did not help with reference or response latency. Behavioral studies have shown that the best responses are seen in subjects with cognitive impair or performing difficult tasks (23) . Thus, studies of brain function are varied concerning the effects of nicotine and smoking.
CONCLUSION
This review attempts to clarify the relationships between nicotine, nicotinic receptors, AD, and smoking. Some general notions and crucial questions come forth that might direct ongoing research to elicit these relationships. An important notion is that cigarette smoking is in now way equivalent to directly administering nicotine. Tobacco contains a myriad of toxic compounds, all of which would counteract any of the acute beneficial cognitive effects or neuroprotective properties of nicotine. As such, it is unlikely that smoking would have the same effects as nicotine alone or nicotinic drugs on the incidence or progression of AD symptoms. All the same, there would be a significant advance if smoking truly does lower the incidence of AD. Another notion the nicotinic drugs and smoking may only have therapeutic effects on a specific subset of the population. Smoking, in and of itself, is seen only a subset of the population. Additional data is necessary to ascertain more accurately the therapeutic goals of possible nicotinic drug treatment of AD. More data is also needed to determine the mechanism (s) involved in the potential cognitive benefits seen in both smoking behavior and or nicotinic drugs.
One crucial question is to determine if cognitive benefits or neuroprotection occur through immediate activation, constant activation, or long-term inactivation of nAChR function or some combination thereof. We do know that nicotine administration can help to preserve nAChR when given over a longer range (107) . It is also necessary to determine if and how such interactions are interweaved across the numerous nAChR subtypes responsible for brain function, and if the changes in the number of receptors has any significance of such effects. Nicotine has been shown to be neuroprotective against NMDA-induced excitotoxicity and that nAChR stimulation protected neurons from rotenone-induced, 6-OHDAinduced and beta-amyloid-induced toxicity (57), (33), (120), (13) , (20), (2), (41). Now, there is a question of whether or not these neuroprotective properties that are shown in vitro are also present in vivo. Also crucial is whether the neuroprotective or therapeutic effects of nicotine can change any of the pathophysiological hallmarks of AD. This is line of questioning may provide a renewing vigor to further explore whether or not nicotinic receptors are promising therapeutic drugs. This is perhaps the most promising line of inquiry that would provide renewed impetus to explore further whether nicotinic receptors are desirable therapeutic targets.
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